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Recharge effect of extreme precipitation on deep soil water in artificial forest on
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Abstract; Severe deep soil desiccation seriously constrains the sustainable development of deep root vegetation on the Loess
Plateau. However, it remains unclear whether frequently extreme precipitation events can alleviate the deficit of deep soil
moisture. This study employed a combination of literature review and field resampling to investigate the impact of extreme
precipitation events in 2021 on deep soil moisture deficits in typical artificial forest areas (apple and locust) on the Loess
Plateau. The results indicated that: (1) In 2021, the exireme precipitation in Changwu ( cumulative extreme precipitation
of 524.5 mm) and Luochuan ( cumulative extreme precipitation of 467.4 mm) could completely restore the soil dry layer of
2.2—6.8 m, with the lowest desiccation index recovering from 29.1% to 147%. (2) In the 14-year-old, 19-year-old, and

24-year-old apple orchards in Changwu, the recharge depth reached 10 m, with precipitation recharge amounts of
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777.7 mm, 1513.1 mm, and 1301.4 mm, respectively. In the 19-year-old and 29-year-old apple orchards in Luochuan, the
recharge depths were 6 meters and 10 meters, with precipitation recharge amounts of 388.4 mm and 459.9 mm,
respectively. Due to the high contribution rate of extreme precipitation, even in normal water years, the 16-year-old apple
orchard in Qingyang had a recharge depth of 10 meters, with a precipitation recharge amount of 619.7 mm. (3) Artificial
forest land in Mizhi and Zichang areas was facing serious soil desiccation problems, resulting in a deep soil desiccation layer
in the 1—10 meter vertical profile, with an average soil moisture content of less than 6.5%. In conclusion, extreme
precipitation has the potential to recharge deep soil water, and the ability to alleviate soil desiccation is related to extreme
precipitation. The research results provide a theoretical basis for the development trend of plantation in different areas of the

Loess Plateau under the background of frequent extreme weather.

Key Words: the Loess Plateau; artificial forest; extreme precipitation; soil desiccation; deep soil water recharge

F1 1999 4F- 52t “ IR BRA MR (B " TRELSK , 8 IR AR bl 7 56 1 2 B 25% A skds il Tz IX
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JRAFAEAR R RR A E > AT SeAERe | 3 R AR o 4 K R A 4 R R B 5t B TR A, AR BRI AR () 52
Jiti LASK: , #5 o JEAR o S A K SO AR (BRI 5 ) NS B A i e K e B 498 i ) R 5 i HL S 1980—
2000 AR EE , AR K S A A S At b T B KB BE BN A s A K R RE 2 DL AR e
TR SR AN TR 2 36K 40, K A B IR BE B, - 1e 35 /K Bt ek in ™™ Wbl K & BT Rk (9 A T AR
MRS TR AB R REKBE S AR AR N TARERZ K SRt 2L, R 2 5
DX 14 U 6 2 T R K it i/ 2 TR N TR 2 R PR AR B fl T 8 SR s A K B 25 40 1 25 57
PE I AR BT RAR SRS T N TARIRZ 58 T A AR st R K B4 i an ey i S AEASHAT . RS I g 7K
FAFXFRIZE L TR R BT R R SR AR AL 8 RN TR AT Rk &8 R i e & S8 35 LA i 2 4
TR,

B AR I 2021 AERE K SR BON R , 2R R DA IR S = K AR A0 i A 7K A8 0GP b b DX 0 A 5 i
TR MR AR PEASBIFGE LA 2021 4F 5 A = SRR st R 7K S 44 461, 3 1o SCRREE A, IR SR A
[T 2018—2020 4F 2 [ IG5 I 428—623 mm [E/K AR BE T 2 7 A RAE S I LK 480 Hk, T
2022 4F 4—7 HOYXF 7T ASRAE S AT T RAE , LASRAS 2022 4R HHEK 0808 . BTE (1) 43 BTt 5 JEA [ [
IKBEEES T 2021 AR R /K TR N TR T AL R AR (9 22 5% 5 (2) 335 M it A K Ok N TR 2 4K
OIHIRNA IR . AR S 0 AR AU 2 A T S T B S AR K R TR I R AT I R BT
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Google Scholar %&%ﬁﬁ(http ./ /scholar.google.com/) K2 o5+ i Rk 7 - BE IX (Loess plateau or Loess hilly
region) ", “ N T AR 1E MK (artificial forest or afforestation) ™ |« 4338 & ol 3% % 7K & (soil moisture or soil water
content) ", “ T 3K 4375 B (soil water deficit) 5%+ 3T 1L (soil desiccation) ” 55 5 iA] , Fe T L IAEF G ¥
v SN [) A XN bR (PR ORI ) 398K 43 (9 SRR . ARHE A SCRY 430 H 8 BT E AR EHy « (1) TRAR
FRNTAARAIK I RAEHIE =800 em HEUE , I HoRFEE] S <100 em, PIRIEHRZE 158K 73 19 25 [6] 434 3
5 (2) LK N RS K R EAR TR S KR IR AR B K R 2 -2 L e o o e — Bk
RS K (3) HERR 1A S AR BEASTE I sk HITE I 5 B BTSRRI A5 5 (4) BITAA 25t P9 3
S N TR e AR L SRS (AR TR R K ) SR80 5 (5) R4/ 15 R FE-5 ER AT U 18] HoAl
AR A S PR KRN AR AR ROIR B A5 R R 5 T ) - 3K 4322 5 | (RTINS ORAIE— R B8 SCBURE | SRR I [R] 4
T 2018—2020 4F Z [A] U SCHR . %, G257 18 IR T de bm ok & 2021 AF A S P K oA 17§ B0 , S L3R4 5 F 5T
Bk (RS BAnZE 1 FTR) . SRJ5 , M8 71 Get Data Graph Digitizer $&BUCHR 4 AARE LI K 73 53
1.2 BpAhECRARIAR
1.2.1 BRI

DA A i (34°43'—41°16" N, 100°54'—114°33" E) WL, i X8 T2 T B4 KRR, A vt
MR R AR YIRS ACTE 8—14 C, HIGIREE 10 C LA b, FZ LIERAE + AN 50—300 m, 4FFHkE
KA MILER ) 200 mm VYR ERAYG 800 mm AR, FEKAEPRASAR, 45 BOASS b 65% L 4 T 7—9
Ay BT O AR (F 1) k8 T REE EIE KA w0 KT R TR ERKIER % T A
GYATE A R R KA BE A AR R PR RE A S AR UK E R BRI ST IX (L 1), S 58, N T E 0 T-F-2H A
T, P YR AL ] A, 25 R N EARI DR ARG HF, TCHERE

®1 BISREAOMHENREEMER

Table 1 Basic sampling information of integrated analysis data on the Loess Plateau

ST RE K ST KL g HEA SR VR RE s St
Sample site Sampling date Longitude Latitude .

species tree age/a depth/m sources
ISTEV=Y 2018 107°41’ 35014’ IR 5.10.15.20 24 23 [30]
KitH 2017—2019 107041 35022 ko) 9.12.16.19.23 19 [31]
HEZE T 2018 109°20’ 36°22' SESR AR 15;16 16 [32]
SEZETH 2019 109°21' 36°41 SR IR 15;15 10 [33]
. I1Ip=A 2018 109°26’ 35°43’ AR 5.10.15.25 23 [30]
KhgE 2019 110°12’ 37°46’ SR AR 15;15 10 [33]
TR 2019 109°26’ 37°14’ SE AR 13;14 10 [33]
PRk 2018 107°57' 35059’ R 6.12.22.32 23 [30]
KT E 2018 110°58’ 36°52' IR BB 8.25;12 15—20 [34]

122 HfliR4E

BT P ICCRRAY AR5 B R FERAE LR, [R5 4% SCHRAE B HEAT B 2 , PRAEAS YOI R AR (7 B 5 AT A
SRAERLE KRS /N T 50 m , WITTHERR 3 508 i 26 53 5 e 0oF LU U8 09 i 22 0 R 4R L BRI BRAEL B 1Y
R MR IS5 B A A SR A A B R IR PR R — B, TR 6 em BT SHIRHERS LA 20 cm Ky
(] PR 10 m FTAT L f) A B SRR 3 AN RRAE R TR ER i [l S A SR A T
€ LIRS K A, S5 Ah  HIER T RARJFUIR R iy 7 [0 S0 a8, FHBR DRI 5 S T A T B 5K o,
TS A 23 AR S AN AN TR AR ) 8 2 5 K BRI SCHRBEORE, O T — A X R LA 2
A2 5K R BAE U ES S S AT A . RIS SR ARG IR (5 B, DAL A B RN T AR fig
o FEARFENR . A, 385X SCHR BB C 2 AR I 5 9 R A A 1 1] B IR B AR N B9 07 125, Al N AR A
%, AREEN G RAE FUKPEER < 1000 m A/ R AR,

http ; //www.ecologica.cn



10760 JAE = 44 %

% 100 00" 102° 30’ 105°00’ 107 30" 110°00" 112°30° 115°00'E
o
g : ! : :
(8

Z

(=3
8 £
f=) (=}
S <
=4

>
= o
I o~
([)\ on
o
< =)
> S
s o
) on
o
2 93 0 300 km g
R O S SO o ) «a
Q ; .

100°00"  102° 30 105 00’ 107°30’ 110°00’ 112°30’ 115°00'E

Bl1 EXtRREEXRERASHE

Fig.1 Distribution of resampling points on the Loess Plateau

1.3 M ElR
1.3.1  smbEoK
SN BIBFST AR SOR A S R K 2 1 22 SO A Rk B K B (=0.1 mm) 55 95 4~ E A A
Ff, BARTFE N A R G0 1980—2020 4 H FE/K 5 =0.1 mm AYREK &= THFHES K5 95 A~ E 4
PR RE SOA T IX AR SR /K B, 24320k 5 H KR R T B, A R i o PR s B K 47 itk
A KA st K TR Sk SR AR it A K 5 A R K R Y EUE,
1.3.2 IR
S E T LA XN 1K 43 R O, i 2T
SWC-SWC, ..
=Srcoswe,,
A, SDI S T45 %k SFC A H RIREK &, {8 H [R1REK & 1Y 60% ; SWC S 385 7K i (%) ;SWC,, A
FEEKE (%), WRIE SDIAENG LTI R 5 A LI 6 A~5549%, SDI = 100%%73&:%&%%:%%%,75%
<SDI<100% A% T4k ,50% < SD1<75% A H B T8 Ak , 25% < SDI1<50% Ky ™ B T 4§14k , 0% < SDI<25% M
s E AL, SDI<0% M T4k
AWFFER ] 3 T 282 (DSLT) | 3T 2T iR B2 (DSLFD ) Al + 38 1 )2 F- 1 57K & ( DSL-SWC) >k &t
e TR LT 2ZREHE 0—1 m )2 14,

x100% (1)

DSLT =d, x Y, S(SWC, - SFC) (2)

i=1
k
DSLFD =20 x k,k BT Y, S(SWC, - SFC) (3)
i=1
0, SWC,-SFC>0

S(SWC.-SFC) = ,(i=6,7,8,---,N 4
(SWE,SFC) =) SWC,—SFC<<0 @ ) (4)

1 n
DSL - SWC = — x Y, SWC,, (SWC,-SFC<<0,i=6,7,8,--,N) (5)
n i=1

KN R HJZHRIER 0 9 BT R P R (n V) & D F SRR B TR IR

http ; //www.ecologica.cn



23 1] RS A58 AR R KON N T AR R 2 - 8K 4 1 25 350 10761

1.3.3 +HifgkE
N

SWS = Y 0.1 x 6, x BD, x d, (6)

Ao, SWS WA E R R T AK & (mm) 560, TS 091%)2 T 5K & (%) ;BD, %)= T A H (g/
em’) ;d, N HJEESE (em)
1.3.4  HoimPaE K Rh 4 TR
ARG R HRAE A+ K RS R TR I 3K 43 1 2 P AR ] A TR B R B K AR TR E
swe,_,-SWC,,_,>0
H=20xh ,h BT < and (h=6,7,8,--,N) (7)
SWC,-SWC,_,<<0
K H a5 KA RUBE K AN IR EE (em) b ABEKAMNATREEEL, SWC, 2 h IREE Y HRFE TS KE (%),
SWC,, M h REERFRAE TS KE (%) .
1.3.5  LIERfKE AR b
BRI 45 12 R KRN TR B P SR A 5 JRAE T A Fof B2 PR - I i/ B 3 1R
AS=SWS-SWS, (8)
T, AS g RAE 5 IR AE A B A K B 128 A& (mm) s SWS O JFURFE ) T e /K & (mm)
1.4 Hdaorbr
AR B S P 5 S AL B3 AT B AE Microsoft Excel 20165 K SPSS 22.0 40 Hh it Ba. R K 7 224
BRI 1 T R R 0 22 7 W PR AT 3 M5 SR A AreGIS 10.2 B4 Origin 2016 K F #4722 4]
AEBE

2 #R

2.1 2021 AFEAN[R] KB E T A S A R ALE
A 2021 AFFEEACE (55 2) MR AKIRAR M2 (B 2) , DR 38 TR T Xl 73 B S 0 4, 2021 45 [
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Fig.2 Precipitation frequency curve of sampling points in the Loess Plateau

0—5% W SIBIH4E ; 5% —25% IR N4 5 25% —T5% V- 7K4E 3 75%—95% T F-4F ;95%—100% M it T 524F 5 % o 2021 4E [k &

http ; //www.ecologica.cn



10762 xR 44 %

FKEAT 4 900.4 mm 944.8 mm 1 908.5 mm , ZAE YR K B4 510 607.5 mm 613.8 mm 517.6 mm; iE24 K
MEVE AR, 2021 AEREZK &R 777.7 mm, 245 FHRE K &R 547.7 mm; F K FPEBH R 7K 4F, 2021 4 FE7K 2 R
491.9 mm M1 710.2 mm, 245 YK B 91 490.3 mm F 623.3 mm; K5 K T F4F, 2021 4E KN
316.2 mm, ZAE VK E N 427.5 mm,

WA 1.3.1 95 B4 S o 5 7K BB Y 5 1, THER A5 SR A A 2021 4F B R i 3 K A, 1T 45 SR L3R 2,
FE S A T2 XA T 5 X, 2 AR K B R 427.5—623 mm , B 5 K B X /] 2420.5—
25.4 mm, 2021 4FHE + 5 A R K 7R 2 ) RUBE 22 90K, BE A AR R /K R Y L 316.2—944.8 mm, RFAR
Vit A K B S L Ry 245.7—798.9 mm,, KB I LE DR 7 Hh X R B o A K B 3 400 mm, 43 K
524.5 mm 467.3 mm 442.7 mm f1487.8 mm, BEFRAKIGHIIX AN, 4465 15 2021 45 Y SRR o [ K f R o
FoK DTHRFAE T JLAE Hh fi i . 2021 AFAF a5 TRIAN [7] B4 A i 28 7K S5 A2 A6 1 Ik 9 A i 48 7K 2 i 8 - v JRE = 180K 43
TEAIRETT

K2 BIBREREARREMHEKES

Table 2 Precipitation pattern in different years at each sampling point on the Loess Plateau

ik . BORBOKRI RBUSRKR o SEPMERKR oA TR
Area Year Extreme precipitation Cumu.la.thE? extreme Precipitation/mm M(.%a.n a.nnua] of extreme
threshold/mm precipitation/mm precipitation/mm precipitation/%

Kt 2018 20.5 346.6 715.2 607.5 48.5
K 2019 20.5 442.6 778.3 607.5 56.9
Kt 2020 20.5 171.8 585.2 607.5 29.4
K 2021 20.5 524.5 900.4 607.5 58.3
HELE 2018 25.3 251.6 564.0 547.7 44.6
T2 2019 25.3 244.3 497.6 547.7 49.1
FELE 2020 25.3 157.3 535.7 547.7 29.4
T2 2021 25.3 442.7 771.7 547.7 56.9
i 2018 25.4 214.3 580.3 613.8 36.9
el 2019 25.4 242.4 596.6 613.8 40.6
i 2020 25.4 243.0 656.3 613.8 37.0
I 2021 25.4 467.3 944.8 613.8 49.5
Tk 2019 25.0 113.2 400.5 490.3 28.3
FK 2020 25.0 160.9 502.6 490.3 32.0
Tk 2021 25.0 198.9 491.9 490.3 40.4
KA 2019 23.4 191.3 389.1 427.5 49.2
Kfi 2020 23.4 126.0 418.8 427.5 30.1
Khg 2021 23.4 70.9 316.2 427.5 22.4
KT 2018 24.9 131.7 498.2 517.6 26.4
KT 2019 24.9 162.5 471.7 517.6 34.0
KT 2020 24.9 307.0 740.9 517.6 41.4
KT 2021 24.9 487.8 908.5 517.6 53.7
PR FH 2018 23.8 363.2 900.9 623.3 40.3
PR BH 2019 23.8 260.1 768.0 623.3 33.9
PR FH 2020 23.8 168.4 583.4 623.3 28.9
N 2021 23.8 318.3 710.2 623.3 44.8

2.2 ANIRIRE KA E T A S ek K RIS A4Sl
HI3% 3 Al 0, N TEARA SR 1 8 g S DX Y b K o0 5 R (R, A K 2R PE ARG 7 A SRR X
A () B B TR AR SR RIS, A N AR BE TS R BE ) L TR B SR
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I HABRATR BRI AN TR MRS, BRASERAN, B A R A IR B S SR A5 N TR 3 )2
SR C 4355 10 m,

x3 MHKIEELSRTETRLSHE
Table 3 Characteristics of soil desiccation in the Loess Plateau before and after extreme precipitation

0—10 m £} 0—10 m -4

SR [6] KA SRR I R TR TR

Sa:rfilfite Sampling Samp?ing Sampling ﬁﬁﬁi?ﬁ?rﬁ EE l’,]{g,?ﬂ(\ﬁ g/f:i;j{ﬁ $Ifji§§f{ﬁ

date species tree age/a DSLFD/cm DSLT/cm DSL-SWC/ % SWC/% SDL/%
Kk 2018 A ¥ 17.8+1.3 a 197.2
Kk 2018 SR 10 16.6+1.8 a 176.4
KR 2018 SR 15 340 660 9.0 11.4+3.7b 49.0
K 2018 SR 20 280 720 8.0 10.7£4.8 b 29.1
K 2022 A3 X 21.9+2a 297.3
Kt 2022 SRR 14 22.1+1.9a 300.9
Kk 2022 SRR 19 21.5+2.1a 290.3
Kk 2022 L 24 18.9£4 b 237.1
el 2018 A b ¥ 18.842.3a 236.3
el 2018 R 15 220 680 12.0 13.2+2.6 b 95.7
el 2018 W 25 420 580 11.2 13.3+3.1b 99.9
el 2022 A3 & 20.7+2.5 a 236.3
I 2022 W 19 580 340 11.5 14.6+3.6 ¢ 147.0
el 2022 W 29 780 220 12.4 15.9+3.1b 263.2
KT 2018 A3 P 14.4+2.1a 169.0
KT 2018 S 8 320 40 9.8 12.9+2.6 b 112.1
KT 2018 W 25 180 820 8.1 8.7x1.7¢ 3.8
KT 2022 pi3:) G 12.6x1.4a 121.3
KT 2022 £ 12 560 140 9.8 10.6+1.5b 72.4
KT 2022 SR 29 600 400 8.9 11.2+2.7b 84.6
1SS 2019 it ¥ 18.0+2.8 a 204.1
HiE 2 2018 SR 15 16.6+1.4 b 188.8
LSS 2018 IR 16 100 740 10.7 11.5+2.4 ¢ 71.9
HiE 27 2019 IR 15 140 700 10.5 12.5£3.4 ¢ 44.9
k27 2022 i T 16.8+2 a 201.4
JiE 2 2022 SR 19 540 460 10.9 11.8£2 b 86.8
JiE 2 2022 IR 20 320 680 8.4 10.7+3.8 ¢ 44.4
HEZ 2022 o 18 360 640 9.7 10.6=1.8 ¢ 49.0
K 2018 A, T 17.3+1.7a 181.2
PRFH 2018 SR 12 180 460 11.0 12.6x1.9b 90.6
PKFH 2018 R 32 220 780 10.0 11.4+2.8 ¢ 65.4
IKH 2022 A X 16.2+3 a 167.8
PKFH 2022 £ 16 16.4+2.8 a 172.6
PKFH 2022 SRR 36 380 620 10.1 10.9£2.2 b 63.9
TK 2019 SR 13 100 900 5.6 6.2+2.2 28.9
FK 2019 il 14 100 900 2.0 3.2+2.9 -35.8
TR 2022 SR 16 100 900 5.8 5.8+2 27.5
FK 2022 AR 17 100 900 4.0 3.9+4.7 -30.9
KIg 2019 A 7 18.0£2.8 a 240.5
KIg 2019 HR 15 14.8+33 ¢ 174.8
KIg 2019 SR 15 12.5+3.4 b 133.5
KIg 2022 b3 T 122423 a 148.9
Kg 2022 S 18 100 900 6.1 6.1+1.2b 36.2
KNG 2022 IR 18 100 900 4.2 4.2+0.7 ¢ 3.6

SRR Ry A5 YCRAE I [/ — A A TARE SEBR IS s AN 6]/ NG B FOR R A SRR A PR RIS 1 0K 20 22 53 B35 1 (P<0.05)
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32 2021 AEREAK SRR, AR - 38 TR AR 5 T BRI A 2B AR, B i A A a3 )1
TR T Hb X )2 - K 43945 BRI AR BE (AR 4 . KRB IX 1419 F1 24 W& 37 55 (14 35820 2%, 37 28 el Al
PRI F T A TRACRES 181X 2—6 m VREE ) 38T 2 TH e, SR Fel A sh % A o0 T8 T ARRAS s ik
THBIX 12 #3129 i3SI 3T R BUREE T FE % 5.6 m 16 m, 29 WSF S T M bR B A BT 2
AR TR TR AR A HE T L IX R AKOHE LA G2 A R 2 = K 43 ), 3T 2 R TR R 3.2 m,
RS b T 7™ 5 T AT KA R B BRI IX, 16 #3530 4.6 m JEEERY H I T2 B R K A5 TH B, 36 #5721
bel v )2 3K - A BN, EIET IR E IR R 3.8 m, F/KAR (1)K i IXORT T 52 4F (1 K JIE b X+ 45
TR AL IR A AT BB i KA 7K G2 A, 2022 A1 B 19 b DX 30 1T I 7™ 2 %) 3 TR A i, FRHBIXARSRAE 1—10 m
TREE A 3 T2, T ™ 5 5 K AR Hb X - /K WA Bl K T AR, 3P SR el AR ARAE 1—10 m &1 8T
B TR T PR S KR AR 6.19% 81 4.2% , 43 AL T 7= B TR AL A 20 TR AR 2
2.3 W R AR AN [R] A DX I T A B WK R R
2.3.1  MImPEAKT 5K o B AN TR

T 3 AT LUK IR S K B RN TR 2 R K A B RE T AR RSOR SRR K A DG AR 4 Y
RIS )1 b D5 3 A B T W iR K RN TR 2 13K A P BB T, R L IX 1419 F1 24 RIS A REIK Kb 45
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